FINAL REPOKT

on

TOXTCOLOGICAL INVESTIGATIONS OF
PILOT TREATMENT PLANT WASTEWATERS AT
HOLSTON ARMY AMMUNITION PLANT

N
{ . v/
° s UL
(o-: "."'-‘ ’."\ :.
U.S. ARMY MEDICAL “ PR
RESEARCH AND DEVELOPMENT COMMAND L -

Julv 27, 1977

J. M. Stilwell, M. A. Eischern. W. L. Margard, M. C. Matthews
and T. B. Stanford

Suppurted by
U.5. Army Mcdical Resecarch and Develo-ment Command
Washingion, D. C.
Contract No. DMD 17-74-C-4123
Project Officer
J. Garcth Pearson
Distribution Unlimited

(O] BATTELLE
<:E> Columbus lLaboratories
00}, 505 King Avenue
Columbus, Ohio 43201

——

The findings of this report are not to be construed as an official
Department of the Army position unless so designated by other
authorized documents.




AR

GOl T AR YA SIS - b . -

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entared)

REPORT DOCUMENTATION PAGE

READ INSTRUCTIONS
BEFORE COMPLETING FORM

1. REPORY NUMBER

2. GOVT ACCESSION NOJ 3.

RECIPIENT'S CATALOG NUMBER

|

& TITLE (and Subtitle) —’\—/

4 INAL REPORT -/ 10X TCOLOGTCAT, JNVES TTGATIONS OF ; (77

~

,‘7TYPE OF REPORT & PER!OD COVERED

Final Rep’u t. .

\

ARMY MNUNU ION l’LANI‘ ,

e

PLLOT TREATMENT L LANT WAB TEWATERS AT HOLSTON / s

May = Novemii: 764 |

BER

W
e
7] M. cMatthews g T

—

N S e ———

W. L./Margard, ) C/

/gtilwell M. A Lischen
- B. Stanford

.F’C\ONTRACT OR GRANT NUMBER(s)

DAMD 17-74- C-4123 Y,

/

3. PERFORMING ORGANIZATION NAME AND ADORESS
Battelle Columbus Laboratories
505 King Avenue

Columbus, Ohio 43201

&

10. PROGRAM ELEMENT.PROEJgECT TASK

AREA & WORK UNIT NUNF; .\
62720A WPENy
3::.7627273“'—}00 012

JT& WONTTORING AGENCY NAME & ADDRESS(I! difforent from Controlling Olfice) | |

CONTROLLING OFFICE NAME AND ADDRESS

L.S. Army Medical Research and Development Command

",

12,

REPORT DATE 2§ ¥4
Yebruary 28, 1977Q""“—

Washington, D.C. 20314 '

3. uuuaqg,oael\uww .
5. SECURITY cu\ss#

Unclassified

T16. OISTRIDUTION STATEMENT fof this Report)

DISTRIBUTION STATEMENT A

Approved fur public wloase;
Distribution Unlimued

7. DISTRIBUTION STATEMENT (0! the abslzact sntsred In Dlock 20, Il diiisrent ltem

Distribution Unlimfted

Repart)

15. SUPPLERENTARY NOTES

19, KEY WORDS (Continue en taveras sids Il nscossary and ideatily by block number)

Munit lons ,

Waste Products, Toxicity, Biosssay, Bilological Treatment

Sec following Executive Summary

20, ABSTRACY [Cantlanss e rover sy Py 1 necoseaty -d ldoniity by Mlock W) )

EWYI0N OF ¢ HOV 63 15 OBSOLETE

DD 505 W03

LKCUMTY CLASSIFICATION OF THIS PAGE {When Liete Haterad)

L"J

e

grm



Lo, T

o,

RS

IO, St LS RNt L)

N AR

ACCESRTYT T
NI a
0ne

8.1
SHANNG!INE f
EXECUTIVE SUMMARY HUSTIIGE 1
BY

The United States Army Medical Research and Development Command msmmme'J/AVAl s
has been supporting research in order to recommend environmental quality lﬁi_~}@¢~;v
standards for the munitions manufacturing industry. Both laboratory and j
field sg:fies have been conducted by a number of different contractors, !

The present work conducted at the Holston Army Ammunition Plant —————__
in Kingsport, Tennessee was performed by Battelle's Columbus Laboratories
in order to determine the toxicity of five wastewaters associated with a
pilot bilological treatment plant. Manufacturing wastewaters from both
Area A and Area B were mixed in a ratio of 1:9 by volume, respectively.

This mixture was then treated by two biological systems - the 3A system
which consisted of an activated sludge chamber and the 6A system which
contained both a trickling filter and an activated sludge chamber.

Work performed at HAAP included on-site 96-hour static acute
Llgo bioassay tests using fathead minnows. Solutions tested were Area A
wastes, Area B wastes, the A+B mixture, the 3A system effluent and the
6A system effluent, Quantitative analyses of RDX, HMX, INT, and COD in
the test waters were also conducted in conjunction with cach test, Other
water quality parameters monftored by HAAP personnel were correlated with
munitions constituents and fish mortality. In-house Ames Spot tests were

<

conducted on all wastewaters {rom the HAAP pilot plant, S I
Results of the bioassay tests with fathead minnows indicated the-

Area A wvastewater to be the most toxle having an LCSO vialue of approximately

1 percent, Arca B wastewater was found to be less toxic to this species

but showed a greater dafly fluetuation in toxicity witb LCey values ranging

trom 6.2 percent to 43.8 percent. The combined Area A + Area B wastes

-were fntermediate {a toxieity with Llqyy values of 1,43 percent to 16.0 percont,

Genorally, the treated wastewaters (3A and 6A) wore of lower toxicity with
LCSO values of 70 percent or greater. Three replicate excoptions ranged
bccvucn 16.5 percent and 36,7 percent.

A &pocial bioassay war conductod using 6A effluent water spiked
with 10 ppm RDX. Subscqueat chemical analysis indicated the concentration
of RIN in the test water to be 5.17 ppm. Results of this test produced
an LCgq value of 69.8 perceat.
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Toxic cffects (i.e., mortality) were positively correlated with
high levels of IIMX, COD, BOD (filtered and unfiltered), pH, NH5, TKN,
PO, , NO,, and total solids.

A review of the mutagenic screening test results of all waste-
waters indicated that no definite mutagens were pregsent. One sample of
the 6A effluent collected on June 22, 1976, showed a slight suggestion of
the possible presence of mutagens, however, the indication was wmarginal,
——> The overall results of the on-gsite bioassay tests indicate
that biological treatment, either activated sludge or the combination
trickling-filter-activated sludge does reduce the toxicity of the HAAP
manufacturing wastewaters, '

/N
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4 INTRODUCTION
5%; ? Background

: The United States Army Medical Research and Development Command
(USAMRDC) has been supporting a major research effort, the ultimate objec-
tive of which is to develop suggested environmental quality standards for
the munitions industry. Major efforts by several contractors have included

§, both laboratory and field studies of the toxic effects of munitions manu-

% facturing waste waters. Battelle's Columbus Laboratories (BCL) have been

|

& 3 involved in field studies since 1974,
| Phase 1 investigations involved screening studles at three muni-
tions plants. These three plants weve:
¢ Badger Army Ammunition Plant (BAAP)
_ - o Joliet Army Ammunition Plant (JAAP)
E ' o Lake City Army Ammunition Plant (LLUAAP)

g o " Results of Phase I investigations are described in Cooper et al.,
i C o, | o |
i o ~ Phase IT studies concentrated on environmental effects at BAAP
; ‘j | ~aud JAAP, "the objectivea of Phase 11 investigations were to collect and
é; g_’ o - analyze replicated quantitative information velative to the specific nature
»éé %' " of effluent effects on receiving systems and to detersine the relation-
»;ﬁ § ,- ' _ ship(s) between observed effects and the amount of primary muniticns cone
?3‘ 3 | “stituents in the effluents. Results of these investigations were reported
?; ?- in two separate reports to the USAMRDC for wvork at BAAP (Stilwell ek al.,
19762) and at JAAP (Stilwell et al., 1976b). ‘ L
" ‘ . _ SR Purpose -
;; E, - : Under USAMRDC Contracr Ho. DAND 17-74-C-4123 BCL has been con-
'g‘ .g  ducting additional related work at the Holston Army Amsunition Plant (HAAP).
4 8 The purpose of these further {uvestigations was to gencrate on-site toxi-
:%E ;i cological data on the fnflucats to and cifiuveats from the waste trostment




-y

o . A

3
oy
Z
g

3

! 5
N A’

3 N
3 -
B N

<M 3

3
- =
8 Ly

S 3

DAL L oyl i, G

pilot plant being tested at HAAP, This pilot plant has been developed and

implemenccd by U.S. Army Armament Command (ARMCOM) to evaluate the effective-

ness of advanced munitions waste treatment concepts and desensitization.
These investigations will allow for a more thorough evaluation of

the overall effectiveness of the biological treatment concepts being tested,
Scope

The scope of the work performed at HAAP included the following:

e On-site 96-hour static acute UC5p bioassays using fathead min-
nows (Pimophales promelas). Solutions tested were Area A
wastes, Area B wastes, 1:9 mixture of Area A and Area B, the
activated sludge system of fluent (3A) and the acrobic trickle
filter - activated sludpe system effluent (GA).

¢ Quantitative analyses of RDX, HMX, INT and €COD in all biocas-
say test waters. |

e In-house Ames SpoL tests o fnfluent and effluent wvaste vaters
- from the HAAP pilot plant. o

RESEARCH_STRATEGY - -

 The main emphasis of current iovestigations at HAAP was on the
deccrwinatien of the toxicity of the five wastowaters seleeted for study,
The relative toxicity of vach selution was tested during multiple, duplicate
bioassays conducted on-site in a moblle'laborutory. Water samples were col-
lected, preserved and analyzed by BCL and WAAP personnel in conjunction with
cach test. Those studies wore ot designed to determine the fate ef various
uuhiticns éompouads or the ef i riencies of the component parts of the
trostment process. They were designed to measure only the toxie prapnrtl@s of
the influants and efflucnts of the pilot tredtmut plant,




Sampline Protocol

Facility Description

Holston Army Ammunition Plant is a government-owned contractor-
operated installation located in northeastern Tennessee in Kingsport,
Operated by Eastman Corporation, its primary missions are the manufacture of
RDX and HMX and the preparation and loading of Composition B (a mixture
of ROX and INT). The plant is located in two areas of Kingsport, Tennessee,
Area A, located in Kingsport proper, occupies an area along the south fork
of the Holston River., Arca B is located southeast of Kingsport on the
main fork of the Holston River dowmstream from the north and south fork
confluence,

Manufacturing Waste Composition

“The influent to the pilot bieological treatment plant was com-
posed of Area A waste and-Area B waste mixed in a l to 9 ratio by volumef
to approximate actual discharges,

_ Table 1 presents the points where the Area A and Area B compos-
fte wastevaters were collected, Area A wastes were composed of ten differen
wastowaters, Area B was sampled at four poires to form the explosives
4wanufac€uriug ares wastewater., An additional synthetic waste conmposed of
aé@tic acid, cyelohexanene, aé@tnné. a-butanol, and hoxamine was added to
the Arca B eomposite to bring the Cob level up to 400 mgll. which wmore
closely approximates actual manufactueing vastewater levels at high productien
pericds, Nitrates wore also added at the rate of 150 mg/l to siuulate actuai
levels under high product£VQ canditions. ' '

‘?iiot Plaat Description

The pilot waste treatment plaint was constructed in building .2
in the explosives wanufacturing arca. Wastevator flow through the pilot
plaat i3 depicted ia the flow chart in Figure 1. A flow desceiption
follows:




TABLE 1, HOLSTON ARMY AMMUNTTION PLANT MANUFACTURING
WASTE COMPOSITION

Point Wastewater Volume (gallons)
Area A
Acetic Acid Concentration Azeo Slop Water 91.0
Acetic Acid Concentration - Sludge Heater VWaste 4.0
_'Acetic Acid Concentration Azeo Slop Water 66.0“)
. Acetic Acid Concentration Sludge Heater Waste 4.0(3)
Acetic Anhydride Refining Low Boiler Waste 0.25
Acetic Anhydride Manufacturing E-Scrubber 40,0
Steam Generation Boiler Blowdown 47,5
; Product Gas Plant River Water (hairpin cooler) 230.0
| Filter Plant Lime and Alum Sludge 12,0
Filter Plant | _ Ion Exchange Regeneration 6,5
501.25(>)
Area B
1 Composition B pro&uction line 50
2 - Composition B production line 200
A Continuous process RDX line 100
4 o Acetic acid, NO2/NO3, laundry, 150
NaNO4 and other manufac;uring
wastes —_—
500

C B - § _
(a) ‘Because of low production these samplaa were collected from the same
building as the two previous wastewaters,

(b) Add 0.8 1b. of pulverized boller botton ash (can be from Aren B).
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e Area A and Area B wastes were collected separately and
transported to building £-2 where each was pumped into the
equalization tank. Each wastewater was pumped to separate
storage containers inside the building.

® Synthctic wastes were added to the Areca B wastes in the
storage tanks to increase the COD to 400 mg/l and the nitrate-
nitrogen to 150 mg/l.

e The Area B wastes were passed through a sump to a deni-
trification column. Nitrate reduction was usually greater
than 907% through this column,

® The Area A and Area B wastes were mixed in a sump in the
ratio of 1:9. |

e The A and B mixture was fed into two separate biological
treatment systems - 3A and 6A,

- 3A System
A and B blend was fed into an activated sludge
chamber and finally to a clarifier. Settle-
~able material was recirculated to the sludge
chamber, The overflow from the clarifier
constttuted the finnl 3A effluent,
6A System
_ The A and B blend was ptetreated through two
“acrobic trickle filter towers before being fed
“into an activated sludge chamber, The discharge

from the sludge treatment wac fed into a cllrtftar._;>'

'An 1n the 3A syscem, settleable matnrinl fn the
_ clarifier vas recirculated to the activated cludgo.
. The overflow from ‘the clartfter in chis system
-constituted the 6A effluent. ' S

7 $£003002 tﬁit Sampla Points

Bioassay test waters vere collected from five points vithin thg'f

pilot plant system. ‘These points are shown on Figure 1. The wastewater
solutions and hunbe:s of fosts run sre proscnted in- Table 2.




TABLE 2, - WASTUNATERS USED IN
FISH BTIOASSAY TESTS AT HAAP

LEREE B SN 25 58 I 2 B e VT 3R LTy LETRIT T I F e 1 0 T PEREAY ST FRERSENCINER TTEET =3

Number of Biocassay
Waste Water Sampliny Loecation Tests

Area A Holding Tunk Drain 5

vttt s adstiussnaotgiond o

‘Area B © Holding Tank Drain 3

Area B (without C3D or Holding Tank Drain 1
nltrare wdded) ' : '

V'll_Area A+ Arou B - Ml%ing'ﬁumpi R 3

Effluent 3A - . Clnrifivr overflow . - .-.5 .

CCBffluent 64 Clacdfier overflow 7

coxet PN :Y:i‘!ﬁ?'i'i‘éﬁ.i:éi‘é-ﬁiﬂiﬂm

s 3T FEMEIFF L. f .o 2 i oxewd ot E e Fodor S Eaowe¥ ot
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Sampling and Analytical Methods

Sample Collection

Water samples from the five sample points in the pilot plant were
collected daily in plastic bottles and analyzed in the plant chemistry
laboratory by HAAP personnel. Samples were composited over 24-hours and
kept on ice during the sampling period.

Water samples for the fish bioassay tests and BCL chemical analysis
were collected by BCL personnel in 5-gallon glass bottles and transported
to the mobile laboratory located near the HAAP pump house on the Holston
River. Water samples for chemical analysis by BCL were taken from the
bioassay water, preserved in amber glass bottles or plastic (COD analysis)
and refrigerated on-site., Samples for mutagenic screening were taken from the
biloassay water, put in plastic boettles and refrigerated. All BCL samples

‘were then packed on ice and delivered te the laboratory in Columbus, Ohio.

Analytical Methods

' HAAP Water Quality. Water * mples were collected at points within

_+ the pilot plant and analyzed for selected water quality parameters by HAAP
. :persnnnél. Analytieal techniques for COD, BOD, TKN. dissolved oxygen, tctal '
:-phosphate. settleable snltds and total uolids vere those detailed in

“Stlndard Ne:hodc for the Examination of Hatar and Nhotawocer“ the 13:h

: ‘edition (1971). Nitrate and nicrice vere: measured using Orion specif!c ion
_:-_eléctrodes{ ,Ammonla was measured as nitrogen by th@ Kjeldahl method and ’
~'pH was done with a Foxboro recording pHi meter. Munitions constituents o
" {ncluding Rnx.ﬁuﬁx,?anaATNT,vere"measufsé uéing a liquid chroqntqgf;bhy m@thod. R

Battalle 8 Columbus Lab@raturv Hunit fons constitueut A‘ﬁ_xois.

'_Nethads far the determluatioa of m(cragram and submicrogram quantitles of

HMX, be. aud INT are reported. in thu l(terntur@ and 1nclude titrimetric , »
(Stnha ot al., 1964; Stmeiek, 19615 Pauch, 1965), thin fayer chromatographic
(Fauth and Roecker, 1965; Harthon, 1961; Glover and Hoffsommer, 1973; Bell -

et ARy s
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and bupstan, 1966, and Hannson and Olin, 1962) as well as gas chromatographic
(Hof Fsommer, 1970; Glover and Hoffsommer, 1974; Hoffsommer, et al., 1975;

Hof f sommer and Rosen, 1972; Rowe, 1967; Cooper et al., 1974) procedures.
However these techniques all require somewhat laborious sample preparatory
procedures including extraction and derivatization. These procedures intro-
duce sources of serjous errors resulting from sample loss and degradation,

in addition to being time consuming and tedious. A method for the gas
chromatographic analysis of TNT and 2,4- and 2,6~DNT in water and sediment
samples had been developed at Battelle's Columbus Laboratories (Cooper et al.,
1974) and used in an earlier phase of the current project for the determina-
of these materials at levels below 1.0 ppm. However, because of the thermal
instabilities and low vapor pressures of RDX and HMX, such a methodology is
not satisfactory for the quantitation of these munitions at comparably low
levels. Severa! reports (Doali and Juhasy, 19743 Williams, 1974; Selig, 1973)

have appeared in the literature concerning the use of high performance

1liquid chromatography (HPLL) as a means to avoid the problems of thermal

{nstability and low velatility encountered in the direct GC analysis of

these materials, wethods which potentially could achieve the high sensitiv-.

Aty necessaty for the separvation and dvtorminatiun of RDX and. HMX in trace

;'amuunts. A mcthndulogv utilizing HPLC Leehniques waa “developed as a part
L of the work preaentvd in this report and used for the quantitation of HNX.'

RDX. and TNT in the water samples recvived during this study. This method

"~ has proven to be quite satisfactory in thut it dc@s not tequire sample
“extraction or derivariintiun and yet is sensitive to convantrntions as low
- a8, 0 05. ppm ol these munitlnas. with an analysis time of about 15 minutes.

All analyses were conducted using o Variﬁn 8500 High Pressure '
Liquid Chramatugraph eduipped with a DuPunt 8337 vnrinble multi-uavelength

R detector, and an Infotronics Model CR$S-204 digital integrator. The
“detection vavelength was set at 230 i A ES-cm x 4.6-cm % 0,63 cm

- Partistl 10-005 column was Qﬁod.-with_n an'ﬁoééuut mv:hépql/uafer mobil'_
phase and a § ml/hour §low Pate. Ai!:snlvvnts used fn this study. werc :
_adls;i!led-jn-g!ass analytleal grade obtained from Bufdirk?ﬁnd Jaéksoﬁ_{
'-LaBérutorloﬁ,'thkvg@n. Micbigau._ - . '
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As MY, RDX, and INT all readily undergo photolytic as well as
thermal degradat ion, all samples were collected in amber bottles and stored
at 4 C prior to analysis. Measured aliquots were withdrawn from each
sample, filtered through 1.0~um Millipcre Filter Discs (No. FALP 02500),
and the residue washed with 1-ml tetrahydrofuran (THF) which was then added to the
filtrate, Samples were prepared for LC analysis by simply diluting 100 ul of a 500
ppm solution of 3-nitrophenol (the internal standard) to 1.0 ml with the
combined filtrate and wash. Normally, injection volumes of 100 ul were
used, with each sample being prepared and run in duplicate. However, for .
the determination of very low munitions levels (less than 0.300 ppm), 175
1l of these solutions were injected. 1In 2ll cases, the integrated area
ratios of the munition versus internal standard were used to determine
concentrntiohs.

The chemical oxygen demand (COD) was determined for these water _
samples using the procedure outlined in "Standard Methods for Examination

~ of Waste Water", 13th edition (1971). These samples were collected in

po)yethvlene bottles contalning 0.5 R HgC12 added as a preservative, and

stored at 4 C prior to analysis,
"~ Standard. solutians of each muultion were prepared in methanol

'V'using authentic samples obtained earlier in this project from Dr. B, E. Blckley.

Edgewood Arsenal Aberdeen Proving Ground, Muryland. The use of a.

-digital integra:or eoupled to the uPLC detector penmttted che accurate “
'_deteruinatian of the total area of the peaks appearing in the HPLC chroma- -

tograms of these materials. Peak “aren ratios" were d@termined by dividing

f,lthe 1ntegrated area obtained by th@ ponk cnrrespondinb te each ‘munition by
_“~th@ area’ obtatned for :he int@rnal standard.A A linear regression analysis .
of ‘the relatlansb!p between the amount of a munition fnjected and the A1  '

resultant ?ar@a_rutio“_generated the- @qpa;i@ns liseed belqw for eaci

~ munitiont

kg INT iujected w 2,4889 (arvea ratio) + 0,001
- correlation eocfficiont ¥ 1,000 -
ng RUX injocted = 5,3390 (area rvatio) - ( 0. 0023
~ correlation coefficiont = 0.999
pg MR fujected = &, 6760 (avea ratio) + (-0, 0645)
corvelation covfitcient = 0, 992 .
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In order to calculate the concentrations of HMX, RDX, and TNT in
the HAAP water samples received {or analysis, a known volume of each
sample was injected, the peak area ratios determined for each munition
present, and the concentrations of these materials determined using the
above equations.

Using a variable wavelength detector, the possibility of
increasing detection sensitivity by choosing a detection wavelength
to maximize the absorbance for the materials of interest was examined,
Spectrophotometric data for ethanolic solutions of several munitions
(Schroeder et al., 1951)are given in Table 3.

TABLE- 3, SPECTROPHOTOMETRIC DATA FOR SEVERAL
MUNITIONS IN ETHANOLIC SOLUTION

- Compound X (Max) - (mm) 2§§§?§§§§3: x 10-3
HMX . 228-229 21.0
RDX 213 _ o 11.0
- TAX : 231-234 - ' 6.5
- SEX 227 R 15.8
™t S22 I 19,7
2,4-DNT 239-2%2 - - 14,3
8K ar L 1e.2
AW : 224-225 16,0

The conmon detectton wnvelength for uv detectort in HPLC anlly-

E aia ia the Hg emission ltne at 25& mm,  However, as tndtcated by the 7

_':above data, the detector tresponse to TNT, HNX, and ROxX will be naximt:ed _

‘.‘by using & detection wavelength which more closely approximnteo the vave-

 length. of maximum absorption for these materials, As the. absorptton curv&s
" of INT and HaX mﬂximiae at about 230 wa, thls was chosen as the detection A[‘ f .

f;wavolongth for use in this atudy. By similarly chuasing a wavelensth .

“which. maximlses detection aensitivtty. other wunitions cuch as those

"Vlisted i’ Table 3 way be quantttated at tracs concancrnttons usins tha :

, ,1senera1 mothodology developed Ln this s:udy. B
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A lower limit of detection of 0.05 ppm was established using
prepared solutions of each munition in methanol. However, the occurrence

of interfering materials with peaks in the LC chromatogram appearing very

near those of HMX and RDX prevented quantitation of these munitions below

0.10 ppin. Subsequent examination using a 20 percent methanol/water mobile

7
P e

phase was successful in remcving the interference problems, but the conse-

quent loss in sensitivity resulting from peak broadening prevented precise

i

and reproducible measurements of peak area. The estimated precision of
each analysis is better than 10 percent at concentrations above about

- 0,10 ppm, but rapidly decreases to no better than 50 percent below this
level, Therefore, UMX and RDX concentrations are not reported below 0.10

b oy nsarcwrie s bt g b o

ppn in these samples. In several cases, the absence of any munition peak
whatsoever indicated a concentration level below 0,05 ppm.
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Mutagenic Screciing. The Ames bacterial mutagenicity test is

ORI

- é; a bioassay designed to detect potential mutagens by means of a special set
i% izi of five Salmonella typhimurium strains developed by Dr. Bruca Ames,
. "‘Speciiically, these are TA-1535, TA-1537, TA-1538, TA-93, and TA-100.

é:%; éi The assay is based on the property of these five strains for reversion
*% éf ,from a histidine requiring state to protocrophy due to exposure to

'fi 2 various classes of mutagens. The histidine deficient vnrient strains .

. are used to. detect frame shift teverse mutations. (TA-1537. =1538, tnd e
L 98y or base pair substitutions (TA-1535 and -100). Thase tentar" )

' | " '1',ltr¢in: were. developed for their sensitivity and specificity o be -
‘ N ﬁ'revcrtcd ‘back to the wild type by particular mutagens. ,
E .ﬁl't-rji SR Tho assay has been adapted for use in detecttng compoundl o
- L uhich may be potentlal mutagens, Tt has recently besn documented that ~

- _A'most compounds ‘that act as careinog@ns in manmals also- act as mutagem =
'_tn bacterial qystems.z A significant porcantage ef known carcinosenic
) conpcunds are not actlvc carcinogens 1a the parant form but require .
?enzyunttc alcetaclon to an active woiety, Nawmalian mLerosomal hydrbxylaae?‘
"}:systen: are responsiblﬁ for this activacion.. Since these specific
~ bacteria do not have the mamsalian microsomal enzyme systom, mammalisn
1 liver homogenat@w ar@ added to th@ aysttm Lo ccttvatu the uonunutascnic
' plrantal campounds to possible mutngcus. E
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1' -and during use,” _

- L The Salmonella _ygpgmulium mutant serains vere vbtatned from

' *f_Dr. B. Am@s. Upon- receipt, broth stock cultures of cach strain uurc :
V;fgroun. aliquotod ia small vials and stored 1a a Reveo fronzer. At the' '
"_:bcglnning ot those lnvestigatinns u@w ‘bacterial culturds wire obtnlned
- from :his stock supply. \ubsaqunnt to coutirmatluu of biochemtcal

13

The activation system for mutagenesis screening consisted of
Arochlor 1254 induced microsomes derived from rat livers., Induction
was accomplished by a single intraperitoneal injection of Arochlor
(diluted 200 mg/ml of corn cil) into individual rats 5 days before
sacrifice at a dosage of 0.5 mg/g of body weight. The rats were deprived
of food and water 24 hours before sacrifice, The rats were then stunned
by a blow on the head and decapitated.

The livers were.removed aseptically from the rats and placed
into a cold prewveighed beaker containing 10 ml of 0.15M KCl., The livers
were swirled in this beaker and then removed with forceps to a second
beaker containing 3 ml of the KCl solution per gram of wet liver weight.
The livers were then minced with sterile scissors, transferred to a
chilled glass homogenicing tube and homogenized by passing a low speed
motor driven pestle through the livers a maximum of three times. The

homogenates were than placed in cold centrifuge tubes and centrifuged

- for 10 minutes at 9000 G at & C. The resulting supernatant was decanted,

aliquoted in 3-ml amounts to small culture tubes, quickly frozen in dry

“ice, and storod =80 de;rees in a Revca freezer, Sufficient microsomes
'_,:_for use ecach day were thﬂw@d ac room temperncure and kept on. 1ce before f_}
* and during use._' ' ' '

The liver. microsomes were incorporated into a mix: whieh wa:

~ prepared accordiug to the recomméndatiuns of Ames. The microsomal mlx
" contained per mi: Iiver wicrosome preparatton $-9 (0.15 ml) MgClz ‘

. (8.4 moles), KC! (33 u woles), glucosé i3 phnsphacc (5. moles) NADP

f“i(é » woles), ‘and ‘sodium phosphate ph 7.4 (100 « moles). Stock solutions[

~ of NADP 0.1M) and glueose b phosphate wera prepared with ‘sterile vnter,f*:
"aliquoted in appropriate amouncs, and matntained in -a Reveo freezer._ "
ﬂfTho stock salt solutious were pr@par@d autoclaved, and refrigerated.
"The ) mix was prepared iresh each dav nud was maintained on ice. bcfore‘
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activity and spontaneous reversion rates, master cultures of each of the
strains were prepared and used on the origin of weekly preparations of
working cultures. All broth cultures were nutrient broth (Difco)
supplemented with 0.5 percent NaCl, The bacterial cultures to be used
for an assay were prepaved by inoculating 0.1 ml of each tester strain
into 100 ml of nutrient broth and incubating the culture in a water bath
shaker for 16 to 20 hours.,

The sclective basal medium for histidine requiring strains
used in mutagencsis assays was a 1,5 percent Bacto-Difco agar in Vogel-
Bonner Medium E with 2 percent glucose, _

The top agar (0.6 percent Difco agar, 0.5 percent NaCl) was
prepared in 10 ml aliquotes, autociaved, and stored at room temperature.
Before use in mutagenesis assays the agar was melted and 10 ml of a -
sterile solution of 0.5 M 1-Histidine-lUCl and 0.5 mM biotin was s<ded
to the molten top agar and mixed thoroughly, |
‘A number of control tests were conducted to ascertain the

~ efficiency of thaAtesc'and the sterility of the test §omponents.; Positlve

control dose. respdﬁse'assays'were'performed with each of the‘tester ;
atrains ‘with the appropriate positive control chemical. The purpose of -

. the poaitive control assay was to. check the performance. of the tcst
"_,-components both with and without mielosomnl activation -and to provide h
. & standard ngninst vhich any activity of the test water sauple nay be -
E conpared._ S '

Immediataly upon receipt, the water snmples were tefrigeratod

-in the dnrk.; Baeh of the slmplos was filter cterilized before being -
1¢sonyed beeause of large amounts of extraneous sedimentnry unterial in 'f"
- the sanpla. The mutagenieity determtnntions were made in triplicatc v;f' _
EE for cach wnter sample evaluated. The assays were conduct@d uith each -
-'__of the five tester strains boch with and without the presence of the 4_"
'gnietcscunl activation syst@m. Sterility ;oatrol ch@cks and positive e
' 'Acautrol assﬂys were tacluded, '

The assay vas condueted ja- th@ fellawing manuer. AfO.l'ml'

-'faliquot of the breth eulture of the tester organtsm vas added to 2 @l

of molten . tep agar uhieh had bcen 3upp1em@nt@d wieh a traec of- histidine
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and biotin. 1In the non-activation tests, 50 pl of the water sample was

added to the molten top agar and subsequently poured over a minimal

medium agar plate. In activation mutagenesis assays, dose response curves
were prepared for each tester strain in the presence of 100, 50, 20, 10,
and 5 pl of test water. In these tests 0.4 ml of the microsomal mixture
was added to the top agar after the tester strain and the selected
_concentration of the water sample had been added and just before pburing.
The poured top agar was permitted to solidify before the
plates werc incubated. Following an incubation period of approximately
72 hours, the number of colounies growing on each plate was counted,

Bioassay Test. Omsite aquatic bioassaysﬁuere couducted

at HAAP in a mobile facility housed in a 30-foot aluminum trailer.
The unit was insulated and had air-conditioning to control ifiside tempera-

tures, Shelving was positioned along one wall of the :railer to ptovide

" maximum bench arca for bioassay test vessels, The trailer was equipped.

. with two 100-gallon: ftberglass holding tanks for the acclimn&ion of test
7",flsh. Addicional eounter _space wgs avnilable for sample preparation and

: : equipmant ntorage. : _ o
' Bioassay tests were 96-houx Llsp static acnte tests of appro- g

 ‘priata wvaste stream tnfluents to. and effln@nts from the ptlot treltnnnt
-7 . plant, Methodolosies utilizeﬂ adhered to the extenc practicabla to thuoc 7'1
‘;; described and- recoumended by the U.8, hnvtrunmentnl Protection Asency (1975)
. and. the Awerican Soctety of Ihsttng ‘Materials (Draft Report).~ Flthond ‘
‘-'ntnnous (Piggghale gramela 8) ver; pnrchnsed from Mol-Bro hatchartes locntcd
7’}Ain BlounCville, Tennﬁslee and Andersoa's Minnow Pamm in Lanonk. Atknnlan.
) t - Test coneentrntians for the various vastcuuters unre deteru&ncd
'f baned on- relultn obtained Erom 24-hour - range finaing tests. The 96-hour
, ‘7v-tent¢ lncludﬁd flve wasteuncer coneeutractons and one cantrol. E:ecptiuns'f-'
.f 'fvurn wade in 3A and 6A tests vhen sufticiaﬁt test water vas not available .
'?:lt the bcglnuing of the test. bauth Pork ‘Hulstow River. vater was used as the
'.ﬂ*dtlution ‘wodia, Screeninp teets ustng 40 fathead ‘atnnouws showed no nortality
afeer 120 hours {n Hols:@n Rivor water. Tho river wntor vas alsa used as the
-_ ' eontrol vater for @aeh test set. kach t@st was run ia dupltcnte. ' '

T
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Test concentrations were mixed at the trailer site using
volumetric techniques., FPighteen liters of solution were used in each
5-gallon bottle., Initially aeration was avoided in the test chambers.,
However, after several tests in which the dissolved oxygen (D.0.) concen-
tration dropped below the predetermined lower limit of 4.0 mg/l, aeration
was begun to maintain sufficient D.0. levels., Tests conducted without
aeration utilized five (5) minnows in each chamber. When it was decided
to use artificial aeration in the form of aquarium aerator pumps, ten (10)
minnows were used. . 7

Prior to all tests, test organisms had been acclimated to the
dilution water and trailer temperature fluctuations (19°C - 23°C,
generally) for 4 or more days. The same temperatu:e range'was maintained
in the S-gallon chambers during the actual tests, Acclimation and testing
was done under artificial lightiﬁg. illuminated 8 hoﬁts of every day.

‘Fish were fed commercial aquarium food during iccii@ltlon,

. Spucimens were uwot fedvfor Aajhours prior:to utilization in'a.Stoaqsiy
test, . B - -

o Disense problems (fin rot) encouncered in thc holding tanks vere -

. ~'.reated by adding camnercially obtained furacin to the. holdins tanks.. Thc'v;:7
 vv:1ne£danca of fin rot dectuased dramatically after the 1n£tiatton of th&

' furacin treatmeuts. _ e : B -

. A : Tost nrganisus were qdded Co test ehnmbers 1n the ordcr cstab- -
-ﬂ.ltuhed by a random nunbers table. Baeh serics of test. chambers vas 8lso

"1npllced in raadom order prior to the addi:ion of the fish.: Initinl tcnp--.'

-:'eratura, dissolved axygan and canductivity reldtngs were. Laken and rocorded ;aff",ff :

4"cn t.ot dnta sbeets. ﬂorta!ity. teupernture ad D O. were reeordud at
;26-hour intetvals up to 96-hours or vhen. & nortality :hrechold vnt r&aehed.

. Dead’ speciuons vere  removed vhon obsorved. Criteria defining death vls -~

e cessatton of 011 wovesent and Iaek -of response o gentle proddins.

-

' '<P§6h£t ggglgjis B

o ?fobit analysls. uell sultéd ﬁnr use in bioa!say studleu (Seknl
- and Rohlf, 1969), s used to fit a liae to the percentage of @ortllsftes L
',aceunulaca& by the last day of Lauh run in, reaponse to the différeat etflunnt_f.?

~
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concentrations, The purpose of the probit analysis was also to derive the LCsqg
value for each effluent, that is, the concentration of the effluent which
would produce exactly 50 percent mortality. A computer program (IBM, 1970)

was used to calculate the values of a and b in the equation ¥ = a + bX. X
represents the effluent concentration and ¥ is the normal deviate of the
proportion of fish dying at the concentration, with the value of 5.0 added

(to eliminate the possibility of Y being negative), After a and b are
calculated, the LCso value can be easily derived. The proportion of 50

~ percent mortality corresponds to a normal deviate of 0 and, therefore, a

'Y value of 5, so LCSO is simply the N for which a+bX=5, That is,

Lcso = (5-a)/b. A 95 percent confidence interval was also computed for

eacb LCSO value (Bliss, 1952)..
Each probit analyses was run twice, once wich the X values

7 untransformed and once with the X values rransformed by logarithms The
' chi-square "gaodness-of - i test for the agreement of the predicted line

. with the actgsl data_shuwod that the witvansformed data resulted in s
7 better fit. However, iﬁ'some'analyﬁxg. che'predieted'r@sponsés'difféfed
- Tjsignificantly from the actual responses at: the. 95 aarcent level. regnrd- s
"fless of uhether or- not tho coneentra:ioas ware lag-tr&nsformed. Sneh

A fl- cases were noted au? the cueffteicnte ot the equacions ware aluays
t;iw;ﬁrepﬁttéd for the lines fitted te thc untransformed eeucentratiana. R

A beparate prnb(t anaivses were run on the data’ from ench of the R

"},;replieate runs. In additian. pr@b;t aualyoes vere perfarm@d on. the data :;d"}'

"f7 obtained by pe@ling each pair of r@pttcat@s tn order to saﬁoth out irttgz-
"f}-ulcr vartlti@ns due to random diffor@nc@s betue@n the replicatas. The

= "pooling vas done by suining the wortalities. at eaeh eoueautration ¢t

‘the twe teplieates, and by couputing Lhe ptopartiﬁn of denths uling cwice _f:;

V_tha ﬂunber of fish per tank, -

The upper . and 1ower liﬁits of the 95 p@reent coniidanee tnterval

N fot @aeh L‘SO vilue u@r@ ea!eulat@d aft@r using a t atatlstle to. detecu&ne
'uh@thet or not the ulep@ of the probit equation’ lin@ vas slgnifienntly - _
“different from dero. 11 the slope was wot significant, o true 95 percent

eonftd@nég 1u€@fvalreouldduatib@ éa}eulated.; A spectal gotefwas'nidé'of';j

“the probit analyses which produced such a vesult, and a substitute “eon- -~
L7 fidovee fnterval' was detormined as follows: the lower: liwit vas taken -
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to be the highest effluent concentration at which no mortality occurred,
and the upper limit was taken to be the lowest effluent concentration in
which 100 percent mortality occurred.

Also, for some bicassay tests a.l the responses at the lower
concentrations were-zéro movtality, and all the responses at the next higher
concentrations were 100 percent mortality. In such an "all-or-nothing"
situation, no actual probit analysis could be performed, so there was no
regression line from which an LC50 value could be calculated, In these
cases the LCyy was taken to be the average of che two consecutive concen-
trations between which there was a jump from zero to 100 percent mortality.
These two concentrations were also reported as the lower and upper
limits of a "substitute confidence interval', reported in place of a
95 percent confidence inferval for the LCgq value,

A number of probit analyses produced 95 percent confidence
intervals for which the limits were less than zero or greater than 100,
When this occurred, the actual calculated values for the limits were not
reported, siuce concentrations outside the range of zero to 100 percent

are not meaningful,

Munitions Constitueat Comparisons

sattelle's Columbus Laboratories and HAAP data for HMX, RDX,
TNT and COD were compared. th'each of these parameters, a pafred T test
using a two-tailed test of éigniﬁicance was performed to determine whether
the data from the two laboratories varied in a consistent way., The HMX
values from Battelle proved to be higher than Lhose from Holston by an
a&erage of 0.6 ppm, which had a sipnificance level of 99.5 percent. No
other parameters showed significant differences, and Battelle's data were

used in subsequent statistical analyses using these parumeters.

Correlation Coefficient.

Pearson's "r'" correlation coefficients and their associated sig-
nificance levels were computed on all possible paired combinations of muni-

tions and water quality parameters {(excluding TNT since it was not
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detected in any of the samples). All munitions and water quality param-
eters except pl showed a considerable amount of positive skewness, so all
data except pH were transformed by taking log;, (X+1) before computing the
correlation coefficients. This transformation succeeded in bringing the
skewness coefficients for all parameters closer to zero. This step was

taken to prevent the vccurrence of misleadingly high correlation coeffi-

cients which can result from a very small number of outlying points.

Pearson's 'r'" coefficients were also computed to correlate each
munition and water qualit? parameter with the LC50 values resulting from
the probit analyses which were performed on pooled replicates of bioassay
tests. To prepare the data for these correlations, the LC50 value from
each bioassay was matched with the water chemistry analysis on the effluent
used in that particular bioassay. (LC5g values that were well over
iOO percent vere excluded from the calculations.) All the LC5q values
were then transformed by logarithms in the same manner »s were the
water quality parameters., Again, this was done to reduce skewness

since thu actual, calculated LCgp values ranged over two orders of

a
W va T - e
o B e et A s b, S AL AR XS AT B s 4w Mg

gattggle'o Munitions Constituent and COD Analysis

A'l of the water samples examined in this study contained
less than 6.0 ppu of all the munitions selected for determination, In
fact, TNT never occurced above the detection limit of 0,05 ppa {n any

~of the samples examined., From the limited number of samples examined,
Area A and A+B vaacen'appegr to be characterized by generally higher
levels (~0.1 to ~5.0 ppm) of HMX and RDX as compared with the treated
3A and 6A vastes, The treatment wustes generally ranged from < 0.05 to
0.7 ppm with the notable excoptions of HMX concentrations in 6& samples

v magnitude,
i
3
i
i
.é RESULTS AND DISCUSSION
: % Test Water Analysis
:
!
1
3
i

o >
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on June 12 and June 22, and in 3A samples on June 15 and June 23 (see Table 4).
Munitions waste concentrations were too low to be useful in any estimate
of removal efficiency.

A sample of the 6A effluent (June 25) was spiked in the field
with ~ 10 cpm RDX prior to the bioassay test. Subsequent HPLC analysis
of samples of this test solution and one taken at completion of the
biocassay gave results which were considerably lower than 10 ppm (see Table 4),
The inconsistency between the spiked RDX concentration and that determined
by HPLC analysis may be a result of the known thermal and photolytic
degradation of this munition. This degradation process is perhaps evidenced
by the increase in the concentration of a suspected degradation product in
the spiked sample as observed when the chromatogram of the spiked and corres-
ponding unspiked samples are compared in Figures 2a and 2b. For reference purposes
Figure 2c presents a chromatogram of Holston River water as a control and
Figure 2d a chromatogram of a standard mixture of the known munitions to
illustrate each compound's retention time, The occurrence of higher ®MX
concentrations in the samples spiked with RDX than in the unspiked samples
was observed (see Table 4) and may be a result of contamination of the
RDX added to the spiked sample with traces of {MX. COD values varied
over a wide range, being generally an order of magnitude higher in the
Area B and A+B samples than the ~10-100 ppm range observed in the waste
treatment effluents (3A and 0A). Values of several thousand ppm were
determined in some Area A waste samples.

The authenticity of the peaks appearing at the retention time
corresponding to that of known munitions may be verified by collecting the
LC fraction and analyzing this fraction by mass spectrometry, This veri-
fication was done for the WMX peaks appearing in the chromatograms of Area
A waste samples. The LC fractions corresponding to the HMX peak wera col-
lected, extracted with ethyl acetate, and analyzad by direct probe chemical
fonization mass spectrometry (CL-MS) using iscbutane as the reagent gas.
The results of this analysis were compared with those obtained with authentic
samples of IMX in ethyl acctate and were found to be identical. However,
neither sauple duplicated the fragmentation patterns obtaihcd under similar
conditions with pure, solid IMX, and roported in the literature (Yinoa, 1974),
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FIGURE 2, HPLL LMROW\TO(.RAN!\ OF HAAP WATER SANPLES (2a) AREA 6A, 6/29/ 76@

(26) AREA 67, 6729/761F) . AND (2¢) LONTRUL-HOLSTON RIVER WATER,
AND (2d) A MIXTURE CONVAINING 1 PM HMX, RDX, TNT, AND SO PPM
3-NITROPUENUL (INTERNAL STANDAR!:)
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when we examined crystalline HMX (which had not been dissolved in ethyl
acetate) the mass spectral fragmentation patterns produced were in agreement
with the literature data (see Figure 3)., Further work is required to clarify
these results (e.g., spectral matching using electron impact mass spectrom-
etry combined with laboratory studies concerning the rezctivity of HMX under
controlled conditions). In any case it appears that the same material is
present in both the HPLC fraction and the solution o known HMX, and the
accuracy of the LC identification is verified. ‘

Additional varification of the authenticity of the HMX and RDX
peaks was accomplished during an examination of these fractions collected
from 6A, effluent June 29, 1976 (see Appendix A). A CI-MS analysis of the
ethyl acetate extract of these LC fractions was performed using CH,-NHj
as the reagent gas. In this examination matching spectral patterns were
obtained for the HMX fraction and known HMX, and for the RDX fraction and
known RDX. In addition, these patterns matched those reported by
Yinon, (1974), although obtained under somewhat different conditions. The
HMX fraction in 6A, June 29, corresponds in retention time to the
peak identified as HMX in the Area A samples,

During the initial analysis of the HAAP samples, conducted
during August, 1976, several materials other than the munitions were

- consistently observed in the water samples submitted for analysis, and

the levels of two of these materials appeared to coincide with the levels
of intact munitions observed. 1t was therefore considered important to
characterize these materials. | _

The two materials of concern are illustrated in the chromatograms
presented in Appendix A; Figure A-la, by the henksthth retention times
of 2.8 and 4.6 min, which appear very close to the peaks corresponding
to HMX and RDX, respectively. Upon examining the chromatograms of several
vater samples containing varying concentrations of HMX and RDX, the levels
of these two unidentified constituents appeared to rise and fall with the
amount of HMX and RDX as illustrated in Figures A-la and A-1b, indicating
a relationship botween the presence of the fntact munition and these
unknown materials. Howoever, in October, 1976, (some 3.5 mbntht later)
the same water sample described above was re-oxamined by HPLC, and a
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different chromatogram was obtained., As shown in comparing Figures A-la
and A-lc, the peak at 4.6 min was no longer observed and the relative
intensities of several of the remaining pesks had changed substantially,
However, no new peaks were observel in these latest chromatograms and
the concentrations of HMX and RDX remained essentially unchanged. Several
of these water samples were examined, all giving the same result. Although
the water samples were stored at = constant 4°C in amber glass bottles
and optimized analytical procedures were used duplicating those employed
in the previous analysis, identical chromatograms were not achieved
after a period of 3.5 months. A more careful examination using a modified
HPLC procedure revealed the presence of a very small peak which eluted
just prior to RDX and which appeared to be the remains of the peak occurring
at 4.9 wmin in Figure A-ias.

Although these samples had obviously undergone some significant
change with time, an attempt was made to characterize what appeared to

_remain of the materials of interest. The 6A water sample from

June 29, 1976 was chosea as the sample for examination because of
its initially obser.ed high levels of HMX, RDX, and the two constituents
with retention times of 2.8 and 4.9 min (see Figure A-lc). A chromatogram
of the ethyl acetate extract of this samplc is shown in Figure A-le. |
The A, B, C, and D fractions which wé:e collected correspond to the
aforementioned materials, respectively. , f '

~ Mass spectral (MS) and nuclear magnetic resonance (NMR) analysis
of these fractions were conducted and the resul@a are shown in Figures A-3
and A-4 in the Appendix. Onl; Fractions B, C, and D contained sufficient
material to permit these analyses. “The NS analysis of Practions C and D

- gave identical results, implying that Fraction C overlapped with the

highly concentrated RDX Praction D and therefore contained primarily RIX
also. However, in each case anomalous peaks were observed in the range N
m/e 270 to 300 vhich vere not observed with étystailtnc Rnx~(ftgu:n.A-3c).,_
These peaks may be duc to some contaminant arising from the isolation

~ procedure. However, vhen examined by NMR, Fraction C is seen to contain

primarily & materisl which is pot RDX, Both crystalline RDX and Fraction C .
contain & CCI‘-sclublé spocics which gives a spectrum very different from
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that of RDX. This material may be some structurally unsymmetrical
isomeric form of RDX present as a degradation product or a by-product
of RDX manufacture, Such a material might yield an identical mass
spectral fragmentation pattern as RDX, but the NMR spectrum would be
substantially different from the singlet observed for RDX if this material
does not possess the same high degree of symmetry as RDX. Substantjating
evidence in this regard might be obtained by similarly examining the NMR
spectrum of Fraction D for the presence of these multiplets., However,
because there is some question as to the integrity of these water samples,
a rigorous characterization and interpretation of these collected fractions
does not seem warranted. The primary thermel and photolytic decomposition
products of HMX and RDX are 50 and CH,0 which would not be detected by
the HPLC method employed in this study. Such a decomposition scheme
might explain the apparent change observed in these water samples with
time, if the constituents of interest are but a part of a series of
intermediates in the HMX and RDX degradation process. Hence, the materials
collected and examined in the present study may not be the same as those
originally observed in these samples.

Few conclusions can be drawn at this time as to the nature of
these constitucnts of the HAAP water semple. -Fresh samples should

‘be collected and the nature and levels of the unidentified constituents

examined as a function of munitions concentration and time. By combining

- .this study vith a controlled study of the thermal, biological, agd.photo-

ly:ie degradation of HMX and RDX and an assessment of likely by-products
in the manufacturing process, a more eonplcte-plctuie of the environmental 7
fate of these munitions and their nnnufacturing vaste streau nny be
obtalned.

‘Bloassay Effluent Water Quality

I Water quality paramators were measured on effluent test water
by WAAP chemists in the plant laboratory. Table 5 presents the rosults
of these analyses and the BCL munitions constituent and COD dats. Waste
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waters from both Area A and Area B were high in COD, BOD, NH;3-H, TKN,
PO,, nitrates, nitrites, and solids. The Area A wastewater was also low

-5 i o A AT E i (o e L T AT T

|
y‘ in pi and D.0. with values being approximately 3.5 and 0.0 respectively.
,5 Area B effluent water had pH values near 7.0 and quite low D.0. values,

Values for HMX and RDX in the wastewaters were consistently

B

higher in the Area A wastes than in the Area B, Test water concentrations

of HMX in Area A wastes ranged from 1.11 to 5.40 while Area B water

had lower values ranging from <0.,1 to 1,85, RDX values, while more similar
in concentration between the two area effluents than were HMX levels,

were still usually higher in the Area A waste, This was a reversal of
what was expected as Area B was the explosive manufascturing area. _

, Biologically treated A+E wastewater (3A and 6A effluents) had T
§ generally lower values of munitions constituents, COD, BOD, ammenia,

g nitrite, phosphate, and TKN, pH values in effluents 3A and 6A ranged

s é between 7.2 and 8.8. Dissolved oxygen values were still usually quite

, low in both treatment plant effluents. Total solids levels in the 3A and
6A effluents were similar to the combined A+B wastewater. '

R R A T R T

~

. vate _uni Correlations

- Table 6 displays the tnternnl correlation coefficients among
nnnitions and vater quality parameters. (The 1.00's along the diagonal
- of the matrix are displaye:l for visual balance in the'tabld. even though
these values are redundaut becsuse eécry:vartnblc,h¢s~a”cort61attou.o£
1,00 with itsclf.) The results reveal a subsst of ten variablex vhich
, : are lll'btrongly correlated with one another, These variables ave X,
~ COD, BOD (filtered), BOD, pH, an, total Kjeldahl N, ?05. NO;, and total
solids, These variables are a1l positively corrolut&d with each other
(tkcﬂpt pH). On the other hand, pH was negatively correlated with all
, othar ‘variables, since high values of pH tended to be lscociatcﬁ with low
values of all the other vartnhlas. and vice versa.
‘Suspended solids, settloable solids, and D.O. were not stgnlti-
enntly correlated vith any other variables. 1This way have rosulted frou
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the fact that more data were missing for each of these three variables than
for any other parameters. RDX was not significantly correlated with any

other parameter ¢xcept total solids.,

Bioassay Tests

LCSO Values

Table 7 presents the results of probit analyses performed on the
biocassay test data. As expected, the Lcso value for each set of pooled
replicates is numerically close to the average of the two LCso values for
the separste replicates.

Since low LCgp values indicate high levels of toxicity, Tasble 7
shows that the composited effluent from Area A {s the wost toxic of the
effluents at WAAP, All the runs using Area A witer resulted in LCspn values
on *he order of 1 percent concentration, with a fairly small amount of
sauple variation. The eitluﬁnt from Area B was considerably less toxic
but its LCsp valugs'shoued a wide degree of sample variation ranging from
6.2 parcent to 43.8 percent: (One LCsg value for Area B on June 17 was

_caleulated to be 79.4 percent: this was much highor than 32 percent, the

highest coneen:racton actuslly tested, so it cannot be considcrod valid, )

' The conbined Avea A and Area B (A>B) vastevater vas {ntermediate in _

toxicity betwéen the separate Area A aud Arca B, vith Lcso values rnngtns '

from 1.43 percent to 14.0 pereent. : : , -
vtrtunlly no toxie efteets uere observed in ubaut half of tho

hiocéébys using treatment planc efflueqta 3A and 6A. Tbxicity could_not

 be quantifisd in the form of an g value when less cthan half of che

fish died in each of the diitcrent‘eedcentruciods; For some of the blonnsuyc'

l ia which this occurrcd, there vas & small tncrease tn the numbers of.

daath; as tho concentration increased, but in many ceses there uore_no ‘
de;ths even at the 100 pereent cancant:utton. The probit analyses performed
on such dlta'ylelded LCgq values groatar than 100 percent; in those cascs

" the number of mortalities occurving at 100 pere<at were reportad in tho

table ruher than the t.cso vdue.
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TABLE 7, RESULTS OF PROBIT A
Replicate 1
Footnotes
96 Hr Bounds of 95% Pertaining 96
Bffluent, Date [ntercept Slope sy Confidence Interval to Analysis Intercept Slope LC
A 62  4.on 1.282 0.75 0.00, 3.20 ¢ - — o
A /7 - - 0.78 0.56, 1.00 b - - 0.
A §/11 2.59 1.635 1,48 0,56, 13,20 1,38 4.148 0.
A 6/15 3.64 1.007 1.38 0.73, 1.98 3.9 1.172 0.
A 6/19 3.75 2.143 0.58 0.29, 0.88 d .54 2,58 Q.
B .62 359 0,001 19.9 7.0, 32,0 2.06 0.100 28,
B 6/7 2.51 0,097 25.7 13.5 , 38.0 3.10 0.043 43,
B 6/17 4.23 0.010 >32.0 -— -— [ ] 4.69 0.008 €36,
6/23 3.54 0.237 6.17 3.28, 9.06 3.8 0.114 10,
[
A+B 6/2 — - 14,0 10,0, 18.0 b 1.07 0.324% 12.
MR 67 416 0,588 1.43 0.00, 10,0 . 3.97 0.37% 2.1
MB 6/14 372 0.123 10.4 6.33, 14.8 413 0.102 8.
k7 6/4 -— -— none dead -— - -— — J
(.B 100% . .:n:
A 6/9 3. 20 0,023 78,7 49.7 , (>100.) 3,08 0,021 92,2
A 6/12 -— — none dead - - - -— 110
(.t 100% st 100
3A 6/15 3,082 0.015 80.8' 9.81, (>l00.) 4 4,04 0.02¢6 3%,
n 620 — - .0 78.0 ,100, Y - - o
et 104
6A 6/3 - - 1/3 dead -— e 3,3 0.018
(u 100% ’ 8.5
A é/10 0.34 0.066 70.9 61.2 , 80,6 3.Nn 0,014 78.8
6A 612 1.30 0.089 41,5 2.3 , 50,3 4,62 0.62) - 16,2
6A 6/19 — - fnone desd — haad - -— nn
(lﬁ 100% ‘glg“?
6A 6/22 - — ‘none desdy . -— — - —
(3¢ t00n") (se"to0
6A 6/2% — — none dead —— - — -— e d
(u 100% ) at jo0
GALRDX 6/2% .84 0.030 Nn.4 $!o, . ’os‘ .48 0,00 [ TR
RV LT QT FEURTY. SN ST RIS SR SN TR SRR RN BT TR L SVL Wt SR R IR VN T R Y e s PRk L R L e R A AN L U . F :

(b) Trobtt analyats could not b performed] al) responses swere elthee 2ere o 1000 cortality (sre srthals),

(c) Slupe vay not stgnt{tcent eo a true cenfidvace fnterval conld not be conetructed faece sot) uta),

’

(d) Coudnesn-of-flt teat rejerred the frtted valurs at the 99% stintllcance level,

Ce) 1he calculated Wgg valse tn preater than 2% (the highest e e teatton uscd); slepe vae nrt sl niffce. g,

(1) e calculated Wygy velue §s olightly preater than 1007,




PROBIT ANALYSES ON HAAP BIOASSAY DATA(®

Replicate 2 Replicates 1 & 2 Pooled
Footnotes Footnotes
96 Hr Bounds of 957 Pertaining 96 Hr Bounds of 95" Perzainirg
LCso Confidence Interval to Anaslysis Intercept Slope LCso Confidence Intecrval to Analystis
0.55 0.10, 1.00 b 3.55 2.32) 0.62 0.31, 0.9
- 0.78 0.56, 1,00 b -— R 0.78 0.56, 1.00 b
+ 146 0.87 0.68, 1.06 1.23 3.720 1.00 0.83, 1,17
0.90 0.33, .47 3.82 1.051 .13 0,26, 1,51
0.57 0.36, 0.78 3,65 2.350 0.58 0.39, 0,76 4
28,6 10.0 , 56.0 3 .18 0.075 26.4 17.3 , L5
43,8 23,8, 64.2 3.07 0.085 3.8 4.3, 44,3
36.7) -— — e 4.48 0.009 >32.0 -_— — ¢
10.1 5.87, 143 3,79 0.145 3.3 $.90, 10,2 J
12.1 ¢ 12.1 1.00, 18.0 ¢ 0.3 0,360 12.9 .49, 21.2
207’ 2.73 o'w. 1000 [ "ll 0.607 2.18 0.60. 10.0 [
8.34 8.34 5.92, 12.8 3.95 0.1 9.40 - 651, 12.3
— one dead — — C— — none dead — —
st 100% at 100%
92,2 (Q.O), (>l°°-) 4 3.1 0.022 85.2 48.9 » (>1°°.) d
110 dead -— - - -~ 120 dead — -
at 100% t 1002
36." l’.‘ » 3’.. - ’O’S 0.01’ 55.1 ‘002 » 70;‘ ‘
110 desd e — 2.01 0,028 100. €3.0 , (>100.) d,t
(e oot | e
89.5 (0.0), (>109.) .19 0.01% 100, 18.4 , (>100,) f
7.8 (<0,0), (>100,) : 4 : 3.3 0,023 0.4 36,4 , 84,4 4
16.2 (<0.0), (>10C.) 4 3.0 0.0M 2.1 - 18.2 , 9.9 ¢
1710 dead — — — -— (:IQO dua) : -— —
t 100% t 100%
none dead) — - — — none deady — —-—
fat 1002 ) ot 1002 )
pone dea - — . —_ -— one deaty — s
(st 1002 a 100, )
6,3 $2.1 . 76.9 2.99 0.0)% 63.8 8.2 , 8.4
1 bk - Gee 4 ot BRES s R TIU TR g

o Bt SRS R T 2 A Rl Sl v tap S B R PR Pl P F BRI INE o yTL xwt
2
Pcthods) .
»'. -

.

2

:'l--.tgnl flcant,

e TR S




sy
i -
a0

==
3

33

ST

Rt S e
>

With few exceptions, the degree of toxicity of the effluents
from 3A and 6A ranged {rom relatively low (with high LCgo values of
70 percent or greater) to nonexistent (with no deaths at the 100 percent
concentration). The exceptions included one replicate using effluent
3A having a low LCSO of 36.7 percent and two replicates using effluent
6A from the same day, having L050 values of 41.5 percent and 16.5 percent.

Probit Curves

Figure 4 provides a visual summary of the relationships between
fish mortality and effluent concentration. The individual points in the
graph were obtained by pooling all data from separate tests of each effluent.
Specifically, for each effluent, the percent mortalicty at a given concen-
tration was calculated by dividing the total number of deaths by the total
number of fish tested at that concentration (after standardizing the number
of fish per tank ta ten so that each test would receive equal weight).

~ After applying this pooling procedure, the new data points obtained were
used in probit analyses to determine the five probit curves corresponding
to the five different effluents.

The high toxicity level of c¢ffluent A is indicated in Figure &4
by its probit curve, which increases sharply to 100 percent mortality at
2.3 percent effluent concentration, Effluent B was less toxic; its probit

. curve shows a mure'gradunl inerease to the 100 percent mortality mark,
The mixture of A and B effluents (A+B) was intermediate in toxicity
between the individual A and B effluents; its probit curve lies between
the individual A and B eff{luent curves. |

| The relatively low toxicity levels of cffluents 3A and 6A are
indicated by the very gradual incroases of these two probit curves, which
Figure 4 shows to be almost identical. (The data for-effluent 6A was

A‘poolad after omitting the duplicate runs spiked with anx.)' From the points
at which the curves intersect the right vertical axis, it can be seon
that an- average ‘of 40 to 45 percent morcality cesulted from 100 perccnt
conccntration of olther pilot plant eftluent.
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The points on the left vertical axis represent the test results
from the zcro concentrations, or controls, From the individual data points
(actual mortalities) as well as the intersection points between the
probit curves and the left vertical axis (predicted mortalities), it

appears that the natural mortality was about 10 percent in the controls.

4 Correlations Between LCsg Values
. ' and Water Quality Data

Table 8 displays the corrclation coefficients between LCqq values
from the biocassay tests and the water chemistry data. A majority of the
water quality parametcrs, notably HMX, showed significant negative
correlations with the LCgy values. Since a negative correlation means
the same thing as an inverse relationship, this shows that high concertrations
of WMX are associated with low LCsq values and vice versa. The pH levels,
on the other hand, were positively correlated with the LCSO values,
indicating the low pi levels are also associated with low LCgq values.

Low [Csg values themselves represent increased mortality rates
due to incrcased toxicity. Therefove, Table 8 shows that toxic effects
are asscciated with high levels of HMX, COD, BOD, and so on. A similar
infercnce could not be derived for RIX because the LCg, values were not
significantly correlated with RDX levels.

| The 1Cgq values were not significantly correlated with suspended
solids, settlecable solids, or D.O., but this may be due to the large
'numbera of missing data points for these three variables.
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Mucagenic Screocning
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The Ames bacturial mutagenusis assay is extremely simple yet
highly efficiont in deteéttng mutagenic compounds. It has been shdwu to
Eactlicnté dotectton of nanogram Quanttttes of some pure compouhds.' To
be used as a rout tne servoning procedure for envirommental spa;iﬁ@ns.
(ts ufffcacy is predicated on the basis that a mutagen is either present
{n extromely high concontration or the compound must have extromely high

 mutagenic capabilicies,
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TABLE 8, SIGNIFICANT CORRELATION COEFFICIENTS OF
MUNITIONS AND WATER QUALITY PARAMETERS
WITH LC.. VALUES FROM BIOASSAYS (@)

50
Correlation of Parameters
Parameter with LCSO Values

HUMX -.73
RDX .
con -~ 95
- BOD-filtered ~.71
LOD -.86
pil +.79
Nity ~.81
Total Kjeidahl N, -.80
n.0, .-
Oy - ~.78
NO5 -
NOz el Y 78
Suspended solids "~
Setteable solids _ = -
Total solids ~75

PEREET S PTNEESTREY S LS 20 EREIEEESEY ¢ AP GRS BT TR s T Ray

(a) All correlation coefficionts given are signt
ficant at the 99 percent level or greater.
~ Dashes are given fn place of correlations not
significant at the 95 pevcent level.
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The mechanism by which the mutagen is detected is by the reverse
mutation of the cell to prototroph on the wild form, This wild form is
no longer histidine dependent, llowever, ecach of the stiains used in
these investigations has a constant rate of spantaneous reversion. Since
the tester strains spontaneously revert, test materials which are only
very slightly mutagenic must have a reversion rate sufficiently greater
than the spontaneous rate in order to be detected.

The results of the mutagenic bioassay analvsis of the wastewater
samples are shown in Table 9, The data presented in this table is the
relative mutagenicity of the sample analyzed. It'ig felt that the relative
mutagenicity far more easily facilitates detectioﬁ of mutagens than
tables of numbers of revertants per plate. Accerding to this index, a
value of 1.0 translates into no mutagenic acti-ity. ‘the numbers of
mutants on this plate is equal in mumber to the number of spontaneous
revertants of the tester strain when not exposed tc a mutagenic environment.
Thus the greater the value of the number bevond 1, the greater the
possibility of mutagenic activity. Index valuos'of 2.0 to 3.0 and perhaps
slightly higher are beat accountable to chance variation and human error,
although weak mutagenic activity cannot be overlooked. Values aprroaching
10.0 and higher ave more clearly indicative of activity., It is not
possible to establish exact confidenre limits from data of this type,
Additional testing must be done befory rigorous data evaluations can be
made. -_' '
| Inspection of the relative aut»genic activity of the water
samples shows that no definite mntagvns;were detected, One of the tester
strains indicated a slight ﬁnsgestton uf the presence of a possible
nutagen in Sample 6 (6A efiluent collveted bﬁ Juneizz. 1976). However,
the degree to which thn rosponse indicated the possible preéence of the
_mhtlgcn was marginal and wns:atgributvd to experimontal variability.

The positive :outrol dn@a is presuated in Table 16. The data
presented shows that the uester-dftainx were capable of detecting the
prescace ot.»ubstances_ﬁﬁlch_werc mitagens in thef{r own right as well
as those 9ubst§ucca uh;uh rdqulrcd microsomal activation for mutngepcdis.




TABLE 9. RELATIVE MUTAGENIC ACTIVITIES OF WATER SAMPLES IN SALMONELLA
STRAINS TESTED UNDEK NON-ACTLVATION AND ACTIVATION CONDLITIONS.

E R T e

4 Somple ut of iy 1837 4 oy T LD 1535 1557 1538 98 100

% Kumber(#) Saap Lo e , .

I3 1.00 1.09 .09 1,00 1.060 1.00 1,00 1.00 1.00 1,00

g- et + % et e e + amea et m o ¢ e e e ® Wi W A e aE e S T s e ——- -~ —

H 1 5 0.66 0.62 0,20 0.86 0,72

h: 10 0.77 0,38 0,60 1,06 0,9

o 20 0.44 0,62 0.60 0,95 0,88

: 50 0.66 1,50 1,07 1,17 1,55 0.66 0,92 0,60 1,24 1,22

& 100 0.55 0,52  0.45 0,77 1,27

\5

: 2 5 0.5  0.76 1,15 0.8 0,08
10 0,61 0.76 1,25 0.88 0,57
70 00‘,2 0.38 1045 0095 0-8‘0
50 0.94 0.80 053 0,79 1,12 1.05 0,77 0,90 0,73 0,82
100 0.61 0,20 1,05 0,9 0.n7

8
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TABLE 9, (Continued)
Non-Activation Activation

sample g‘ of 1535 1537 1536 98 106 1535 1537 1538 98 100
&

Numbe (2 mele 1.00 1.00 1,00 1.00 1,00  1.00 1.00 1.00 1.00 1.00

6 5 0.76 1.33 1.85 1.03 0.78

10 0.58 1.67 1.53 0.89 1.02

50 0.69 0.46 1.13 1.15 0.70  0.53 0.83 1.77 1.13 1.00

100 0.47 1.50 2,07 1.03 1.02

7 s 0.82 1.33 1.15 1.07 1.38

10 0,52 0,83 1,23 0.62 0,77

50 0.77 0.33 1,00 1.00 0.67 0.1 0.5 0.76 1,07 0,96

100 0.71 1.50 0.92 0,93 1.05

STE b ST e LIAR SR TS = P wwnd

(a) Sample 1 ~ Area A - June 2, 1976

Somple 2 - Area B - June 2, 1976

Sampli 3 - Area A + Avea B - June 2, 1976
Saaple 4 - Effluent 3A - June 3, 1976

Sasple 5 - Effluent 6A - June 3, 1976

Saaple 6 - Ef{luent 6A - Junc 22, 1976

Sample 7 - Efflucnt 6A (Spiked) - June 25, 1976
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TABLE 10, MUTAGENIC ACTIVITY OF POSITIVE CONTROL COMPOUNDS IN SAIMONELLA TESTER
STRAINS TESTED IN ACTIVATION AND NON~ACTIVATION CONDITIONS

Non-Activation Activation
TA 1535
Sodium Azide (lmglml) 2 Aminoauthracine (lmgliml)
100 pl 1836 100 ul 24
50 ut 1455 50 ut 49
20 u1 1469 20 ul 357
10 ul 1326 10 u} 614
5 ul 1133 5 ul 370
1l 560 11l 83
0 ul 18 oul 18
TA 1537
Quinacrine HCl (2mglml) 2 Aminoanthracine (lmgliml)
100 ul 468 100 &1 111
S50 ul 32 50 ¥l 114
20 4l 9 20 11 706
i 10ul 12 10 &1 604
N 5nl 5 5 #1 182
3 1ul 3 181 42
il ' oul - 4 VLD 13
o TA 1538 '
- 2 Nitrofluorine (lmglml) : 2 Aminoanthracine (luglml)
H 100 ul 2138 100 »1 _ 1072
S0 ul , 1924 50 Bl o 1637
. 2081 2816 . 2081 : . 2470
; 10 1 1054 10 B1 : 2378
L Sl - 624 - 5kl : 2004
] ) 18l . 424 181 435
9 ' oul 13 0Bl S 20
] IA 98
1 2 Nitrofluorine (hnglnl) . - 2 Aninoanthracine (lnglnl)
3 T 100wl 1494 - 100 ul ‘1983
] o 50 ul : 1837 : 50wl 2810
g : 20 ul ‘ AR 1 A 20 ul . 3794
] . 10 k1 : 909 108l , 2291
3 - 3wl ' 749 Sul . 1557
i _ - 181 - : 335 h 1 , 661
A Lt 29 S oul : 45
: TA 100 | | o
o 2 Nttrofluottm (lnglml) 2 Mi.noanthucim (lmglnl)
: 100 w1l . 1596 © 100 w1 - 283%
3 50 ul : 1505 : .. 50 ul : - 2820
20wl 1450 ' 20wl . 2864
4 1081 1154 108l ' C 2694
E S ui ' 904 S su | ' 953
- 161 214 : 151 | 19 :
i 1 0 ¥l 110 okl - 170
.; .
i




I A

DN

T AR R ﬁxmmw‘; e e,

D i ST 8 i O i et

41

The negative control data on sterility confirmations are not shown., No
bacterial contamination was found in the filtered water samples assayed.

Likewise, the microsomal activation mix was free of contaminating organisms,

SUMMARY AND CONCLUSIONS

The analyses of the five influent and effluent waters of the HAAP pilot
treatment plant showed the concentrations of all munitions determined
to be less than 6.0 ppm. Trealment wastewater munitions concentrations
ranged generally between <0,05 to 0.7 ppm, (Notable exceptions were
HMX levels in the 6A effluent of 2.1 ppm and in the 3A effluent of
2,07 ppm.)
Untrested wastewaters were characterized by high levels of

CoD, BOD (filtered and unfiitered) NH4-H, TKN, PO,, nitrate, nitrite,
and solide snd low dissclved oxygen concentrations., Area A wastewater
hed 2 Jow pH; Area B wastewater was near 7,0 in pH., Treated wastewaters
wera generally lower in ail parameters except ph which ranged between
7.2 and 8.8, Dissolved oxygen levels rémained low, _

 The correlarions presented in Table 6 established a group of

_hnnittonc constituents and wator quelity parameters which varied together:

HMX, chemical and Btologtcal axygen ﬂemand. various forms of nitrogen

- (NH4, total Kjeldahl nitrogen, .nd_Noz). phoophi:es and total solids,

The raw 816; in Table 5 reflects this clesrly: high values of o'l these
parameters were ﬁound'tn the Area A effluent samples, low values were

" found.in the 3A snd 6A treatwent samples, and intermediste values were

found in the Area B and the combined arcas A and B effluent samples.
Table 8 shows that high toxicity levels are strongly annoclated vith
these ssme wunitions and water qusiity variables. _
' . The 3A and 6A trestment effluentcs appearad to be almost identical
both in terms of their chemical analyses unﬂ their bioassay test ronpon.es.

;thn calculated LCgy's for treated water's JA and 6A were both grentcr than
. 100 percent; the cxpectad wortalities at the 100 percent concontrltion
" of each effluent were 40 porcont and 43 percent, respéctlJQIy.

It is notable that ROX was not significantly correlated with
any water quality paramctors (except total solids) nor with toxicity levels..
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The most consistently high toxicity levels resulted from the Area A
effluent, which had RDX concentrations ranging from .43 to 1.90 jom; yet
a substantially lower toxicity level resulted from the 6A effluent spiked
with RDX, which had a higher RDX concentration of 5.17 ppm. Also, the

AL AT g el 2L G2 S Y

LCs, values resulting from the 6A effluent tests spiked with RDX were

about the same as, or even lower than, those resulting from some of the

unspiked 6A effluent tests (none of which contained detectable concentrations
of RDX). These findings indicate that RDX levels were not high enough

3 5 in any of the effluent samples to cause clearcut increases in fish mortality.
% ] A possible synergistic effect from the presence of several compounds may

§ b have occurred in the wastewater.

The multiple internal corrclations among the munitions constituents

and water quality parameters make it difficult to determine exactly

i i which factors were responsible for the extreme toxicity of the Area A

a : effluent. Fish mortalities may have béen caused by the high levels of
each of several parameters (for example NH3 concentrations were reported-
within ranges shown to be toxic to fish [Becker and Thatcher, 1973}) or

T

by the interaction effects resulting frum the combination of them,

B gf ' Also, the pH may have becn low enough to increase the effects ~f these

E factors, - The pit of the undiluted Arca A effluent samples was about 3.5,

E - : Assuming that the Holston River wator had a pH of 7, these values can be

3 o converted to percent hydrogen ion concentrations and combined in a weighted
average to give an estimate of the pH of the solutions used in the bdio- 7 A
assay tests, For 1ns:ance. the pn of the 1 percent solution of Area A
'cfflunnt uould have been nbout 5.5, aecordtng to these calculations.)

E g;f ' ' : ~ In general, significant Poarson's correlations among varinblc:

";f ifi " indicate s strong degree of associatiun but. cannot in themselves be used

3 % ~ to establish cgus&-andfeffoct relationships. Thercfore, another. stacinticll
: _ ' technlquc was used {n an offort to determine whether the presence ef the

15?: ' ; © munitions coupounds had an eff@ct on toxicity levels separate from the

k- ~effects of other potentially causncivo factors. Partial ‘corvelati:n
covfficients wore caleulated between the Wy values and the unrxtlwr
compounds by controlling cach of these other factors. A par:ial zyvrﬁ!ltiﬂﬂ |
coefficient is similar to an ordinary Poarson's ¢ correlation, n.wm that
it controls, or holds constant, a third varfable. This method of .
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correlation is appropriate when it is believed that the third variable
is somehow interfering with the Pearson's correlation between the first
two variables, by either creating a "spurious" correlation where none
actually exists, or by masking a truc relationship which does exist.
Table 11 presents partial correlation coefficients of 1,
values with HMX and RDX, computed by controlling each of four variables
separately: COD, BOD, NHj, and total Kjeldahl nitrogen. (LCsq
values over 100 percent were omitted from the calculations.,) All the
partial correlations between IMX and LCs5n were significant indicating
that HMX does have an influence upon toxicity levels separate from the
effects of COD, BOD, and 80 on. RDX and the LCgq values were not
aignlficantly correlated when the controlled variasble was either COD
or BOD; significant correlation occurred when either NH4 or TKN was
controlled, This latter correlation indicstes that RDX may have been
found to be sign{ficantly related to toxicity levels i{f the various forms
of nitrogen had been at & fixed level throughout all the effluent samples.

CTABLE 11, PARTIAL CORKELATIONS BETWEEN NUNITIONS coucaumnons |
AND 150 VALUES (a) |

-~ . ‘partial Correlation  Partial Correlation
- Controlled = . Botween HMX . Between RDX
- Variable B “and WGgp -and 1Cgq
B0 - - -6l B
7 mi; . V o . ' "067 : . ) V -.58
Total Kjeldahl-N B I -.56

W

(a) Correlation coefficionts given are significant at the
' 99 percent level or greater. Dashes are given in place
- of correlations not significant at the 95 percent level,

S ine il il i Drige.
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